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EFFECT OF ADDED FAT IN PIG STARTER DIETS 
Richard C. Wahl strom and George W. Libal 
SWINE 
DAY 
Department of Animal Science 
Swine Section 
South Dakota State University 
A.S. Series 79-27 
It is well known that fat is an excellent energy source with a value of 
approximately 2 . 25 times that of carbohydrates . Adding fat to swine diets has 
generally resulted in improvement of feed efficiency, but the ef fect on growth 
rate has been less consistent . Some work with the young pig indicates that 
fat enhances the palatability of young pig diets . 
Recently , several dried fat products have appeared on the market . These 
products are much easier to mix into diets than fat products that have to be 
added in liquid form . This experiment was conducted to determine the ef fect 
of a dried fat product added to young pig diets at two levels . The diets were 
also fed in both meal and pellet form to obtain information on the effect of 
the physical form of the diet on pig acceptance and performance . 
Experimental Procedure 
Two trials were conducted using 96 pigs in each trial . Pigs were weaned 
at an average weight of 17.5 lb . and allotted to six treatments in each trial 
on the basis of ancestry and weight. The pigs were housed , four pigs per pen , 
in an environmentally controlled room during the 4-week trials . 
The corn-soybean meal basal diet contained 2 1 %  protein and 1 . 1 2% lysine . 
The experimental diets contained a dried fat product that contained 60% fat . 
All diets were fed as both meal and pellets and were calculated to have a 
similar calorie : lysine ratio . The composition of the diets is shown in table 1 .  
The data from the two trials were combined and analyzed as one experiment . 
Treatments were as follows : 
Treatment 1 - Basal diet (meal) 
Treatment 2 - 4% added fat product (meal) 
Treatment 3 - 8% added fat product (meal) 
Treatment 4 - Basal diet (pelleted) 
Treatment 5 - 4% added fat product (pelleted) 
Treatment 6 - 8% added fat product (pelleted) 
Results 
The results of this experiment are summarized in tables 2 and 3. Table 2 
gives the pig performance data for each of the six treatment groups , while 
table 3 combines the data to show the ef fect of type of diet (meal or pelleted) 
and the ef fect of level of fat irrespective of type of diet . 
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As the level of fat product was increased in the diet, feed consumption 
decreased and feed efficiency was improved in both the meal and pelleted diets 
(table 2) . Pigs fed pelleted diets gained .70 lb. per day which was signifi­
cantly faster (P<.05) than the .64 lb. per day gain of pigs fed the meal diet. 
The pelleted diets also resulted in a significant (P<.05) reduction in feed 
per gain. Meal-fed pigs required 1.69 and pigs fed pelleted diets 1.63 lb. of 
feed per pound of gain. The fat product did not affect daily gain significantly. 
Gains were .67, .69 arid .64 lb. per day for pigs fed diets of 0, 4 or 8% fat 
product, respectively. However, feed consumption was reduced (P<.05) and 
feed/gain decreased significantly (P<.01 ) due to the fat product in the diet. 
Both feed consumption and feed/gain decreased with each level of fat increase 
in the diet. 
The fat product (Ho-Mile 7-60) contained 7% protein and 60% fat. It 
mixed into the diet without problem and looked much like a dried milk product. 
In this experiment, a break-even price for the fat product was 1 9  cents per 
pound at the 4% level and 1 6  cents per pound at the 8% level. 
Summary 
Two trials were conducted using a total of 1 92 pigs to evaluate the 
effects of a dried fat product when fed to young weaned pigs in meal and 
pelleted diets. 
The fat product significantly reduced feed consumption and feed/gain but 
had no effect on rate of gain. Pigs fed pelleted diets gained faster and 
required less feed/gain than pigs fed the diets in meal form. 
Table 1. Composition of Diets (Percent) 
4% fat 8% fat 
Basal product product 
Ground corn 64.8 60.8 56.8 
Soybean meal (48%) 31.6 31.6 31.6 
a 4.0 8.0 Fat product 
Dicalcium phosphate 2.2 2.2 2.2 
Ground limestone . 7 . 7 • 7 
Trace mineralized salt .3 . 3 .3 
L-lysige .014 .027 
Premix .4 .386 .. 373 
: Ho-Mile 7-60. Contained 7% protein and 60% fat. 
Supplied per lb. of diet : vitamin A, 2000 IU ; vitamin D, 200 IU ; 
vitamin E, 3 mg ; vitamin K, 1.2 mg ; pantothenic acid, 6 mg ; niacin, 9.6 mg ; 
choline, 30 mg ; vitamin B 12, 6 mcg ; aureomycin, 50 mg ; penicillin, 25 mg ; sulfamethazine, 50 mg and Banminth, 454 milligrams. 
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Table 2. Effect of a Dried Fat Product on Performance 
of Young Pigs Fed Meal or Pelleted Diets 
Meal Pellet 
Level of fat product, % 0 4 8 0 4 
No. of pigs a 16 16 16 16 16 
Avg . initial wt. , lb. 17.6 17.4 17.5 17.4 17 . 5  
Avg. final wt., lb . 35 . 8 36.2 35 . 2  37.3 37 . 9  
Avg. daily gain, lb. . 63 .66 . 62 . 71 • 72 
Avg . daily feed, lb . 1.13 1.10 1.00 1 . 23 1.17 
Feed/gain 1. 84 1 .  66 1.60 1 .  71 1 . 63 
a Four replicate lots of 4 pigs each. 
Table 3 .  Effect of Feed Processing and Fat Level on 
Performance of Young Weaned Pigs 
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16 
17 . 5  
36 . 1  
. 66 
1 .  07 
1 .  56 
Type of diet Level of fat product, % 
Meal Pellet 0 
No . of pigs 48 48 32 
Avg. initial wt . ,  lb . 17.5 17 . 5  17.5 
Avg . final wt., lb . 35 . 6  37 . 1  36.4 
Avg . daily gain, a . 64 . 70 .67 lb . b Avg . dailf;_ feed, lb . 1 .  08 1 . 15 1 . 18 
Feed/gain , c  1 .  69 1. 63 1. 77 
a 
b 
Significant difference (P< . 05) due to processing . 
Significant difference (P< . 05) due to fat level. c Significant difference (P< . 01) due to fat level. 
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17 . 5  17.5 
37.1 35 . 6  
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THE EFFECT OF FAT ADDITIONS TO SOW DIETS DURING 
LATE GESTATION ON PIG SURVIVABILITY 
George W. Libal and Richard C. Wahl strom 
Department of Animal Science 
Swine Section 
South Dakota State University 
A.S. Series 79-28 
Death of pigs during the first few days after birth is one of the most 
frustrating occurrences in a swine farrowing facility. Much of this death 
loss has been attributed to starvation and lack of adequate energy stores in 
the baby pig at birth. Recent work at several universities has suggested that 
the addition of 15 to 20% fat to the sow ' s diet prior to farrowing may increase 
stores of liver glycogen in the baby pig and increase the pig ' s  survival rate. 
Under normal conditions this level of fat is impractical, if not impossible, to 
handle in a feed mill. The research reported herein was conducted to evaluate 
the use of 1 0% yellow grease in the sow' s diet for 1 week prior to farrowing. 
Experimental Procedure 
Seventeen sows were allotted by alternating their assignment to the two 
prefarrowing treatments on the basis of farrowing due dates. The treatments 
consisted of a control diet which is our standard lactation diet containing 1 0% 
beet pulp and a treatment diet containing 1 0% yellow grease and 1 0% beet pulp. 
The treatment diet was adj usted to contain the same quantity of protein as the 
control diet. Table 1 shows the diets used in this trial. The diets were fed 
at 4 lb. per day for 7 days prior to farrowing and then ad libitum to the end 
of a 21 -day lactation. 
Sow weights were recorded at day 107 of gestation, after farrowing and 
day 21  of lactation. Pigs were weighed at birth and 21  days. Pig survival 
rate was calculated based on live pigs at birth. Standard management procedures 
were followed with baby pig processing including· clipping needle teeth, iodine 
placed on naval cords, ear notching, iron inj ections and castration. 
Results 
The results of the trial are shown in table 2. Essentially no differences 
were found for any of the criteria. Although average initial weights were 
slightly different between groups of sows, total sow weight change from 1 07 days 
gestation until the end of lactation was the same. Number of pigs born as 
stillbirths and live pigs was essentially the same between groups and 
survivability to 2 1  days was identical (67%) between the two groups. 
No advantage in pig birth weight or litter birth weight was seen due to 
the additional fat in the sow ' s diet. Pig growth until 21  days of age was also 
unaffected by the additional energy consumed by their dams. 
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Thus, the addition of 1 0% yellow grease did not give a response in pig 
weights or survival . The failure to obtain a response to additional fat in the 
diet may be related to several factors . Seven days feeding prior to parturition 
may be too short a time to obtain a response. The fat level of 10% is below the 
15 to 20% level at which a response has been found at other universities .  
However, it should be pointed out that 10% fat is very difficult to handle in a 
feed mill and higher levels nearly impossible. Also, the response to fat has 
occurred with concurrent additions of the vitamin choline, which was not 
included in the high fat diet in this experiment. 
Surrnnary 
Seventeen sows were fed a control or 10% fat diet from 7 days prior to 
farrowing through a 21 -day lactation. Pig weights at birth and 21 days as well 
as survivability of the pigs were evaluated. No differences were found in any 
of the criteria evaluated . Fat added as 10% yellow grease and fed for that 
period of time appears to be of no value in increasing efficiency in the 
farrowing house. 
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Table 1. Dietary Treatments (%) Provided the Sows From 
Day 107 of Gestation Through a 21-Day Lactation 
10% 
Control fat 
Ground yellow corn 68.5 56.1 
Soybean meal (48%) 18.0 20.4 
Ground beet pulp 10.0 10.0 
Yellow grease 10.0 
Dicalcium phosphate 2.0 2.0 
Limestone .8 .8 
Trace mineral salt .5 .5 
(hi§h zinc) 
Premix .1 . 1  
a To supply per lb. : vitamin A, 2000 IU ; vitamin D, 
200 IU ; vitamin E, 2.5 mg ; riboflavin, 1.25 mg ; 
pantothenic acid, 5 mg ; niacin, 8 mg ; choline, 25 mg 
and vitamin B 12, 5 micrograms. 
Table 2. Effect of Dietary Treatments on 
Pig Performance and Survivability 
Number of sows 
Sow weights, lb. 
1 07 days 
After farrowing 
2 1  days 
Number of pigs 
Stillbirths 
Born alive 
21 days 
Percent survival 
Litter weights, lb. 
Birth 
21  days 
Avg. pig weights, lb. 
Birth 
21 days 
6 
Control 
9 
533 
500 
500 
.89 
8.8 
5.9 
67 
31. 7 
72.6 
3.5 
13.9 
10% 
fat 
8 
558 
526 
528 
1 .00 
8.4 
5.6 
67 
26.6 
7 1 .1 
3.3 
12.3 
,. 
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THE EFFECT OF EXTEN DED USE OF BANMIN TH 
IN SWINE DIETS 
Richard C. Wahlstrom, Michael E. Cox and George W. Libal 
Department of Animal Science 
Swine Section 
South Dakota State University 
A.S. Series 79-29 
Roundworms are a continuous problem for swine producers. Roundworms enter 
when the pig swallows eggs containing the second stage larvae. The eggs hatch 
in the small intestine, burrow into the wall of the intestine, enter the blood 
stream and move to the liver. Here the third stage larvae develop and continue 
migration to the lungs where they cause further tissue damage. The larvae in 
the lungs are eventually coughed up, swallowed and re-enter the intestinal 
tract and ultimately grow into egg-laying adults, which produce more eggs that 
are passed onto the ground so the cycle can begin again. 
Banminth has been shown to kill the adult roundworms and also to stop 
the second stage larvae, thus preventing the damage caused by migration to the 
liver and lungs. The obj ective of this experiment was to determine the effect 
of feeding Banminth on performance of swine when fed to 75, 1 25 or 220 lb. and 
on comparative liver and lung damage. 
Experimental Procedure 
Ninety-six crossbred pigs were weaned at an average weight of about 1 9  lb. 
and allotted into four treatments, each replicated six times. Pigs were housed, 
four per pen, in a controlled environment room for 4 weeks. Pen floors were 
approximately two-thirds solid concrete and one-third expanded metal. After 
the 4-week period, the pigs were moved to an enclosed building with slatted 
floors. 
The four treatments were : 
1. Basal ration (corn-soybean meal fortified ration) 
2. Basal ration plus 2 lb. per ton of Banminth to 75 lb. 
3. Basal ration plus 2 lb . per ton of Banminth to 125 lb. 
4. Basal ration plus 2 lb. per ton of Banminth to 220 lb. 
Rations were formulated to contain 16% protein to 125 lb. and 13% protein 
from 125 to 220 pounds. 
Pigs in treatment 1 were wormed with a 1-day wormer at the end of 28 days. 
Since there was very little infestation of control pigs at a weight of 75 lb., 
all lots were challenged with ascarid ova at that time. Fecal samples were 
collected and analyzed for ascarid ova after the first 4 weeks and again at 
weights of 75 and 125 lb. and when the pigs were slaughtered at approximately 
220 pounds. Livers and lungs were examined and scored for tissue damage. 
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Results and Discussion 
Growth performance data are presented in table 1 .  There were no 
significant differences in average daily gains to weights of 75, 125 or 225 
pounds . Average daily feed and feed per gain did differ significantly among 
treatments . However, there was a problem with feed wastage in some pens that 
resulted in a greater .than normal difference in feed consumption among pens . 
Fecal ascarid counts and liver scores are shown in table 2 .  There were 
no noticeable differences in lung tissue damage and data are not included in 
the table . The liver damage was greatest when pigs were fed the control diet 
with little difference in the livers from pigs fed Banminth to 75, 125 or 
220 pounds . Ascarid eggs in the feces ranged from an average of 13, 000 per 
gram for the control pigs to 2, 975, 1, 775 and 100 for pigs fed diets containing 
Banminth to 75, 125 or 220 lb . ,  respectively . 
The data indicate that if Banminth is fed for extended periods the 
ascarid population will be decreased, although ascarids can become infested 
once Banminth is removed from the feed . Greater differences in performance 
might be expected under circumstances where the control pigs would have been 
exposed to ascarid infestation at an earlier age . 
Sunnnary 
The anthilmintic Banminth was fed for different lengths of time in a 
study with 9 6·growing-finishing pigs . In this experiment, Banminth did not 
affect the growth performance of pigs. Liver damage was less when Banminth 
was included in the diet . Ascarid ova in the feces at slaughter weight 
decreased with the length of time Banminth was fed . 
8 
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Table 1 .  Effect of Banminth on Performance of 
Growing-Finishing Pigs 
Banminth in diet 
Basal To 75 lb . To 125 lb. 
24 24 24 
Avg . initial wt . , lb. 1 9 . 4  18.5 18 . 5  
Avg . final wt . ,  lb . 21 7.6 222 . 4  217 . 8  
Avg . daily gain, lb . 
To 75 lb . . 84 . 79  . 76 
To 125 lb . 1 .  03 . 95 . 96 
To 220 lb . 1. 29 1 .  23 1 .  24 
Avg . daily fEed, lb . To 75 lb. b 1. 50 1 .  85 1 .  73 To 125 lb . 2 . 23 2.54 2 . 52 
To 220 lb . 3.45 3 . 78 3 . 87 
Feed/gain b 1 .  80 2 . 33 2 . 29 To 75 lb . b To 125 lb .
b 
2. 18 2.65 2 . 60 
To 220 lb. 2 . 69 3.08 3 . 10 
a 
b Six replicates of four pigs per pen . 
Significant difference among treatments (P< . 005) . 
Table 2. Liver Scores and Ascarid Ova Per Gram of Feces 
Baruninth in diet 
Basal To 75 lb . To 1 25 lb . 
Liver a 2 . 36 1 .  63 1 . 57 scores 
Ascarid ova/gram 
After 4 weeks 0 0 0 
At 75 lb. 350 0 0 
At 125 lb. 175 1, 925 175 
At 220 lb . 13, 000 2, 975 1, 775 
To 220 lb. 
24 
1 9.0 
216 . 2  
. 76 
. 99 
1 .  20 
2 . 12 
3.28 
4 . 1 5  
2 . 73 
3 . 31 
3 . 48 
To 220 lb. 
1 . 58 
0 
0 
0 
100 
a 1 = clear, 2 few, 3 mild, 4 moderate and 5 severe (areas of 
ascarid damage) . 
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EFFECTS OF SULFATE IN WATER ON 
SWINE REPRODUCTION AND YOUNG PIG PERFORMANCE 
Dougl as Paterson, Richard C. Wahlstrom, George W. Libal & Oscar E. Ol son 
Department of Animal Science 
Swine Section 
South Dakota State University 
A.S. Series 79-30 
Water quality is a common concern among swine producers. Highly saline 
waters are found in many parts of the western half of the United States. Often 
these are the most readily available or the only sources of livestock water. 
Of the salts present naturally, chlorides and sulfates predominate. In 
South Dakota, the salts commonly present at high concentrations in excessively 
saline waters are sodium sulfate, sodium chloride and magnesium sulfate. Either 
sodium chloride or sodium sulfate will often account for over 75% of the total 
salts in these waters, while magnesium sulfate usually accounts for lesser 
amounts. 
The obj ective of this study was to determine the effects of high sulfate 
waters given to swine during gestation and lactation and to their offspring 
when weaned at 28 days. Sodium and magnesium sulfate were selected because of 
their predominant presence in South Dakota water. 
Experimental Procedure 
The reproductive trial involved 3 1  sows and 27 gilts of Hampshire x 
Yorkshire x Duroc breeding. Sows and gilts were grouped separately on the 
basis of ancestry and weight and about 30 days postbreeding were randomly 
assigned to one of the following treatments: 
Treatment 1 - Control using the local water supply 
Treatment 2 - 1500 ppm added sulfate from sodium sulfate to 
the local water 
Treatment 3 - 3000 ppm added sulfate from sodium sulfate to 
the local water 
Sulfate content was analyzed weekly and the averages with their standard 
deviations for the entire period are shown in table 1 .  
The gilts and sows were bred at approximately 8 months, fed 4 lb. of feed 
per day in individual stalls and housed on dirt lots. The water treatments 
were provided ad libitum from 80 gallon circular tanks. 
At 1 10 days of gestation, the gilts and sows were moved to the farrowing 
house and placed in individual crates. They were turned to outside pens for 
2 hours in the morning and 1 . 5  hours in the evening for feed and water. The 
piglets were provided the same water as their dam from waterers in the creep 
areas. 
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The number of live and stillborn pigs as well as litter weight and average 
pig weight were obtained after farrowing. In addition, number of pigs, litter 
weight and average pig weight at 28 days were recorded. 
The composition of the basal diets is shown in table 2. 
To determine the effect of water quality on the offspring after weaning, 
54 4-week old pigs, initially averaging 16.5 to 17.5 lb., were allotted into 
nine groups . Each group consisted of two pigs from each of the three sow 
treatments and these groups were randomly allotted to three replications of the 
following treatments : 
Treatment 1 - Control water 
Treatment 2 - 3000 ppm added sulfate from sodium sulfate 
Treatment 3 - 3000 ppm added sulfate supplied equally from magnesium 
and sodium sulfates 
The pigs were housed six to a pen and offered water and an 18% protein, 
fortified corn-soybean meal diet ad libitum for the 28-day trial. 
Weights were recorded and fecal condition was scored on a 1 to 5 basis, 
with 1 being most firm. 
Results and Discussion 
Sulfate content of water consumed during gestation had no significant 
effect on gestation gain, number of pigs per litter at birth (total and live) 
or average pig and litter birth weights (tables 3 and 4) . Lactation gain, 
number of pigs at 28 days and average pig and litter weights at 28 days were 
not significantly affected by sulfates in water during lactation. Slightly 
less saline water was consumed during gestation . However, in lactation, water 
consumption increased (P>.05) as total dissolved solids increased. Gilts 
consumed more water than sows during gestation but slightly less during 
lactation. 
Significant differences existed in gestation and lactation gain between 
gilts and sows. Gilts gained more during gestation and also gained an average 
of 12.1 lb. during lactation, while sows lost an average of 15.4 during this 
time. 
The general condition and performance of the pigs during the 28-day 
nursing period were similar among groups with no excessive scouring noted in 
any of the treatments. 
No significant differences occurred after 28 days in average daily gain 
or feed per gain among weaned pigs receiving the control water and those 
consuming saline water containing 3000 ppm of added sulfates (table 5) . 
Water consumption increased significantly among treatments with approxi­
mately 30% more water consumed by pigs receiving saline water containing sodium 
and magnesium sulfates and 50% more water consumed by pigs on the sodium sulfate 
treatment. 
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A significant difference existed in average fecal condition between pigs 
receiving control or saline waters . Scouring was considerably more evident 
during the first 2 weeks in pigs receiving saline water . 
Sunnnary 
Thirty-one sows and 27 gilts were utilized to study the effect of water 
quality during gestation and lactation . Sodium sulfate added to the drinking 
water had no significant effect on gestation or lactation gaing, number, weight 
or health of pigs at birth or at weaning . Water consumption did not differ 
during gestation but increased during lactation as salt level increased . These 
results suggest that sulfates up to and including 3320 ppm in water have no 
significant effect on reproduction in the gilt or sow or on the performance and 
health of the piglet . 
Fifty-four weaned pigs representing the sow treatments equally were utilized 
in a 4-week study of the effects of added sulfates from sodium sulfate or sodium 
and magnesium sulfates in drinking water . No significant treatment differences 
(P< . 05) occurred in average daily gain or feed per gain . Scouring was more 
connnon with fecal condition less firm (P< . 0 1)  and water consumption greater 
(P< . 05) among pigs receiving water with added sulfates . No differences were 
observed in pigs receiving water containing sodium sulfate or equal parts of 
sulfate from sodium and magnesium sulfates . These results suggest that water 
containing up to and including 3320 ppm sulfate has no significant effect on 
feeder pig performance other than increasing water consumption and looseness 
of the feces . 
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Table 1. Total Dissolved Solids, Sulfate and Sodium cgncentrations 
in control and Experimental Waters (ppm) a' 
Total 
dissolved 
Treatment solids Sulfate Sodium 
Control 620 320 20 
( 320 ± 24) 
Low sulfate 2840 1820 740 
(1790 ± 35) 
High sulfate 5060 3320 1460 
(3298 ± 139) 
a Values for control water by analysis. 
treatments were calculated from analysis of 
ad�tions. 
Values for low and high sulfate 
the water and the known salt 
Averages of weekly analysis for entire period in parenthesis. 
Table 2. Composition of Basal Diets (Percent) 
Item Gestation 
Ground yellow corn 77 . 6  
Alfalfa meal 10.0 
Soybean meal (44%) 9.0 
Soybean meal (48%) 
Beet pulp 
Dicalcium phosphate 2.3 
Limestone .5 
Trace mineral salt (high zinc) . 5 
Premix a . 1  
Crude protein 12.6 
Lactation 
68.5 
18.0 
1 0.0 
2.0 
.8 
.5 
.1 
15.7 
a To supply per lb. : vitamin A, 2000 IU ; vitamin D, 
200 IU ; vitamin E, 2.5 mg ; riboflavin, 1 .25 mg ; pantothenic 
acid, 5 mg ; niacin, 8 mg ; choline, 25 mg and vitamin B12, 5 micrograms. 
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Table 3 .  Effect of Sulfate Content of Water on Sow 
Added sulfates C22m) 
Parameter 0 1500 3000 
No . of litters 12 13 14 a 66 . 4  60 . 5  57 . 2  Avg . gestation gain, �b . b Avg . lactation gain, lb.  3 . 3 -12 . 1 3 . 7  
Water consumption, gallons/day 
Gestation 3 . 5  3 . 0  2 . 8  
Lactation 3 . 6 3 . 8  4 . 4  
a Significant difference (P< . 0 1) between gilts and sows . b Significant difference (P< . 05) between gilts and sows . 
Performance 
Gilts Sows 
16 23 
9 0 . 2  40 . 9  
12 . 1  - 15 . 4  
4 . 0  2 . 4  
3 . 8  4 .  1 
Table 4 .  Effect of Sulfate Content of Water on Reproductive Performance 
Added sulfates (Epm) 
Parameter 0 1500 3000 Gilts Sows 
No . of litters 12 13 14 16 23 
No . pigs/litter at birth 
Total 1 1 . 1 1 0 . 9  1 0 . 0  9 . 8 1 1 .  7 
Live 9 . 6 1 0 . 0  8 . 2  8 . 7  9 . 9  
Avg . pig birth weight, lb . 
a 3 . 1 3 . 1 3 . 3  2 . 9  3 . 3  
Avg . litter birth weight, lb.  29 . 7  29 . 7  26 . 0  25 . 5  3 1 . 2 
No . of pigs at 28 days 6 . 7 6 . 9 6 . 3 6 . 5  6. 8 
Avg . 28-day pig weight, lb . 13 . 4  13 . 6  13 . 9  13 . 4  1 4 . 1 
Avg . 28-day litter weight, lb.  88 . 9  92 . 8  88 . 4  86 . 9  9 3 .  l 
a Significant difference (P< . 05) between gilts and sows . 
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Table 5 .  Effects of Magnesium and Sodium Sulfate Water Treatment on 
Performance of Weaned Pigs 
Parameter 
No . of pigsb 
Avg . initial weight, lb.  
Avg . final weight, l b .  
Avg . daily gain, lb.  
Feed per gain 
Avg . daily water con�umption, gallons 
Avg . fecal condition 
Control 
1 8  
16 . 5  
29 . 5  
. 46 
2 . 25 
. 33c 
1 .  7c 
Sodium 
sulfate a 
1 8  
17 . 6  
33 . 0  
. 55 
2 . 05d 
. 59 
3 . 3  
Magnesium­
s odium 
sulfate a 
1 8  
16 . 9  
30 . 4  
. 48 
2 . 1 8 
. 4{ 3 . 6  
� Three thousand ppm of sulfate . 
Three replications of six pigs per treatment . Three pigs died, data not 
incluged . c, , e  Means on same line with different superscripts are significantly 
different (P< . 05) . 
Based on a score of 1 to 5 with 1 being firm . 
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Antibiotics have been used in swine rations for approximately 30 years for 
their growth promoting effects . Research with other species has shown that 
chlortetracycline may combine with calcium and certain other mineral elements, 
thus reducing the activity of the antibiotic . A previous trial reported in the 
1 978 South Dakota Swine Day report (A . S . Series 78- 12) did not indicate any 
difference in antibiotic potentiating effect between calcium sulfate or calcium 
carbonate as sources of calcium in swine diets . 
The study reported herein was designed to determine the effect of different 
levels of dietary calcium on growth performance as well as calcium and chlor­
tetracycline levels in the blood serum of growing pigs . 
Experimental Procedure 
Ninety-six pigs of an average weight of approximately 47 lb . were allotted 
according to weight and sex to six treatments of four pigs per treatment with 
each treatment replicated four times . The pigs were housed in an enclosed 
confinement building having slatted floors and had access to feed and water 
ad libitum . 
Corn-soybean diets calculated to contain 16% protein were used during the 
6-week trial . During the first 4 weeks, the six treatments consisted of diets 
containing 0 . 3, 0 . 7  and 1 . 1% calcium with and without chlortetracycline ( 100 
grams per ton) . During the last 2 weeks, all diets contained 0 . 3% calcium and 
chlortetracycline was increased to 200 grams per ton in the diets containing 
antibiotic . Table 1 shows the composition of the diets . Blood was obtained 
from the j ugular vein of all pigs at 0, 28 and 42 days for determination of 
calcium and chlortetracycline contents . 
Results and Discussion 
The growth and feed performance data are summarized in table 2 .  Calcium 
level of the diet did not affect rate or efficiency of gain during the 6-week 
period . However, pigs fed chlortetracycline gained significantly faster and 
required significantly less feed per gain than those fed the diets without 
chlortetracycline . There was also a significant calcium x chlortetracycline 
effect as pigs fed the two lower dietary calcium levels ( . 3  and . 7%) responded 
to chlortetracycline significantly greater than those pigs fed the high calcium 
(1 . 1%) diet . Gains of pigs fed diets containing chlortetracycline were 1 . 50, 
1 . 52 and 1 . 43, while pigs fed diets without chlortetracycline gained 1 . 1 9 ,  1 . 12 
and 1 . 28 lb . per day when diets contained :3, . 7  and 1 . 1 % calcium, respectively . 
Antibiotic-fed pigs required 2 . 62 and nonantibiotic-fed pigs required 2 . 84 lb . 
of feed per pound of gain . 
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Blood serum calcium data are presented in table 3 .  There were no 
differences among treatments in serum calcium at the initial and final 
collection periods . However, samples of serum after 4 weeks of feeding the 
experimental diets showed higher levels of calcium when the diets contained 
0 . 3% calcium . It has been shown that restriction of calcium intake increases 
efficiency of calcium retention .  I t  i s  possible that, b y  the final blood 
sampling, these pigs were depleted of their exchangeable calcium, resulting 
in lower serum calcium values . Feeding diets containing 100 grams of chlor­
tetracycline per ton increased blood serum calcium levels (P< . 0 1) after 
4 weeks of the experiment . Calcium levels were also higher (P> . 05) after 
6 weeks of feeding when pigs were fed diets containing chlortetracycline . 
Blood serum chlortetracyline values as affected by dietary calcium and 
chlortetracycline are shown in table 4 .  B lood serum chlortetracycline 
decreased at the 4-week collection period as the dietary calcium level 
increased . Increased serum chlortetracycline concentration due to decreased 
calcium is also shown in table 4 .  A decrease in calcium from 1 . 1 to . 7% in 
the diet resulted in an increase of 26 . 9% in serum chlortetracycline and a 
further decrease of . 4% dietary calcium increased serum chlortetracycline 
another 25 . 3% .  The serum concentrations of chlortetracycline in the blood 
2 weeks later were also higher for those pigs fed diets lower in calcium the 
first 4 weeks, although all diets contained 0 . 3% calcium from the fourth to 
the sixth week . A higher level of dietary chlortetracycline during this 
period resulted in higher levels of blood serum chlortetracycline in all 
treatments at this sampling period . 
Sunnnary 
Ninety-six pigs were used in this 6-week trial to study the effect of 
calcium level on the response of pigs to chlortetracycline . During the first 
4 weeks, three levels of calcium (0 . 3, 0 . 7  and 1 . 1%) were fed with and without 
100 grams per ton of chlortetracycline . During the last 2 weeks, all diets 
were changed to 0 . 3% calcium and antibiotic diets were increased to 200 grams 
per ton of chlortetracycline . 
Chlortetracycline increased gains and decreased feed/gain significantly . 
Pigs fed the two lower levels of calcium responded to chlortetracycline more 
than those fed the high calcium level . Serum chlortetracycline, at 4 weeks, 
increased linearly with decreasing levels of dietary calcium . 
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Table 1 .  Composition of Diets (Percent) 
Calcium level, %a 
Ingredient 0 . 3  0 . 7  1 . 1  
Corn 79 . 3  79 . 5  74 . 3  
Soybean meal (48% crude protein) 18 . 5  1 9 . 0  1 9 . 4  
Calcium carbonate 0 . 6  1 . 6 2 . 6  
Monosodium phosphate 1 .  3 2 . 1 
Trace �ineral salt ( 1% zinc) 0 . 4 0 . 4 0 . 4  
Premix 1 .  2 1 .  2 1 . 2 
a Each diet fed with and without chlortetracycline, 100 grams per ton, first 
28 gays, 200 grams per ton next 14 days . 
Supplied per lb . of diet : vitamin A, 1500 IU ; vitamin D, 150 IU ; vitamin 
E, 2 . 5  IU ; vitamin K, 1 mg ; riboflavin, 1 . 25 mg ; pantothenic acid, 5 mg ; 
niacin, 8 mg ; choline, 50 mg and vitamin B12, 5 micrograms . 
Table 2 .  Effect of Chlortetracycline and Dietary Calcium on 
the Performance of Growing Swine 
Dietar� calcium level, % 
0 . 3  0 . 7  
Antibiotic + + + 
No . of pigs 16 16 16 16 16 
Avg . initial wt . ,  lb.  46. 7 46. 7  46. 7 46 . 7 46 . 3  
Avg . final wt . ,  lb . 109 . 1 9 6 . 3  l lO. 7 93 . 9  106 . 5  
Avg . daily gain, lb . a 1 .  50 1 . 1 9 1 . 52 1 . 12 1 . 43 
Daily feed intake, lb . 3 . 92 3 . 42 3 . 86 3 . 22 3 . 86 
Feed/gain a 2 . 62 2 . 87 2 . 54 2 . 86 2 . 70 
a Significant antibiotic effect (P< . 0 1) . 
1 8  
1 . 1  
16 
46 . 3  
9 9 . 9  
1 .  28 
3 . 57 
2 . 80 
a Sample 
1 
2 
3 
Anti-
biotic 
+ 
Mean 
+ 
Mean 
+ 
Mean 
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Table 3 .  Blood Serum Calcium Data 
Dietary calcium level, % 
0 . 3  0 . 7 1 . 1  
Blood serum, mg/100 ml Mean 
1 0 . 23 10 . 42 10 . 33 1 0 .  33 
10 . 46 1 0 . 12 1 0 . 26 1 0 . 28 
10 . 35 1 0 . 27 1 0 . 29 
1 1 . 3 1  10 . 58 10 . 96 c 10 . 95d 
1 1 . 08 10 . 46 d 10 . 30d 10 . 6 1  ll . 19 c 1 0 . 52 10 . 63 
1 0 .  25 1 0 . 60 10 . 47 10 . 44 
9 . 79 1 0 . 20 10 . 07 1 0 . 02 
10 . 02 1 0 . 40 10 . 27 
: First sample at day 0, second sample at day 28 and third sample at day 42 . 
From day 28 to 42 all diets contained 0 . 3% calcium and 200 grams per ton 
of ch�ortetracycline . 
c, Values with different superscripts within the same line or column differ 
significantly (P< . 0 1 ) . 
Table 4 .  B lood Serum Chlortetracycline as Affected 
By Dietary Calcium 
Dietary 
Chlor-
Cal- tetra- Serum 
cium cycline levels Increase e a 
% mcg/ml mcg/ml mcg/ml Sample 
2 1 . 1  100  0 . 263d 
0 . 7  100  c 0 . 097 0 . 360b 0 . 3  100  0 . 483 0 . 122 
3 0 . 3  20 0 c 0 . 297 0 . 560b 0 . 3  200 0 . 662b 0 . 302 0 . 3  200 0 . 695 0 . 212 
a 
b Sea footnote a, table 3 .  , c, Values with different superscripts within the same column differ 
significantly (P< . 0 1 ) . 
e Increase due to decreased dietary calcium in sample period 2 and 
increase from period 2 to period 3 in sample period 3 .  
1 9  
% 
26 . 9  
25 . 3  
53 . 0  
45 . 6  
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EFFECT OF DIETARY MINERALS ON THE POTENTIATION OF 
CHLORTETRACYCLINE IN SWINE 
Richard C. Wahl strom, John Balios and George W. Libal 
Department of Animal Science 
Swine Section 
South Dakota State University 
A.S. Series 79-32 
Earlier research has attempted to determine methods of increasing the 
concentration of antibiotics, such as chlortetracycline, in the b lood of 
animals in order to more effectively treat diseases or obtain increased 
performance. This is called "potentiation" which means to make more active or 
powerful. Most of the research regarding potentiation of antibiotics has been 
done with poultry. 
The primary objective of this experiment was to study the potentiation of 
chlortetracycline in swine. Several methods of potentiation were studied ; they 
were increasing dietary levels of calcium sulfate, sodium sulfate and phosphorus. 
Experimental Procedure 
One hundred four pigs of an average weight of 46 . 3  lb. were allotted 
according to weight and sex to 13 treatments each replicated twice. The pigs 
were housed, four pigs per pen, in an enclosed, slatted floor confinement 
building. After allotment, all pigs were fed their respective diets for 
3 days, fasted 'overnight and then given access to their diets for a period of 
approximately 5 hours when blood samples were obtained from the j ugular vein 
of each pig for calcium and chlortetracycline determinations. Another blood 
sample was collected 14 days later. 
The diets were all 16% protein corn-soybean meal diets and varied in 
mineral ingredients as shown in table 1 .  The experiment was conducted for 
10 weeks. 
Results and Discussion 
Table 2 summarizes the data for average daily gain, feed per gain and blood 
serum calcium levels. Pigs fed diet 5, which contained a low level of calcium 
and phosphorus, developed rickets and were removed after 56 days. Pigs fed the 
various diets containing chlortetracycline gained faster than those fed diet 13 
which did not contain antibiotic. There were no effects on growth performance 
due to dietary levels of calcium, phosphorus or sulfates. The lowest level of 
serum calcium was from pigs fed the highest phosphorus diet (diet 8) at both 
sampling periods. It would appear that the high level of phosphorus might have 
reduced the absorption of calcium. 
B lood serum chlortetracycline values are presented in table 3 .  At the 
first collection period, b lood from all pigs except those fed diets 10, 1 1  and 
12, which contained calcium sulfate, had chlortetracycline levels which were 
significantly higher than the controls. In the second sample, only blood from 
pigs fed the lower calcium diet (diet 5) and the two high phosphorus diets 
(diets 8 and 9)  had significantly higher chlortetracycline levels than the 
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controls (diet 1) . Increasing amounts of dietary sodium sulfate resulted in a 
linear increase in serum chlortetracycline in blood sample 1 .  Chlortetracycline 
increased 1 14% in blood from pigs fed diet 4 .  The effect of the higher sulfate 
content of diet 5 may have been reduced due to its higher calcium content. 
However , there was still a 96% increase in blood chlortetracycline of pigs fed 
this diet. 
Calcium sulfate in the diet did not significantly affect blood serum 
chlortetracycline levels at either collection period. At both collection 
periods , blood serum chlortetracycline was significantly higher when pigs 
were fed diets high in phosphorus (diets 8 and 9) . The diet (diet 8) of . 8% 
calcium and 1 . 2% phosphorus caused the greatest increase in chlortetracycline 
level , a 121% increase in sample 1 and a 38% increase in sample 2 .  
Summary 
Several methods of potentiation of chlortetracycline were studied in a 
trial using 1 04 growing pigs. 
A low calcium diet was an effective chlortetracycline potentiator. 
However , prolonged feeding of this diet to growing pigs for periods of over 
6 weeks caused rickets. Sodium sulfate significantly increased blood serum 
chlortetracycline levels in a linear relationship. Increased levels of dietary 
phosphorus also significantly increased serum chlortetracycline. A level of 
1 . 2% was more effective than 1 . 8% phosphorus in diets containing 0 . 8% calcium. 
Calcium sulfate was not an effective potentiator of chlortetracycline but did 
support equal growth performance to other diets. 
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Table 1 .  Sources of Calcium, Phosphorus, Sodium and Sulfates 
in Experimental Diets 
Mono-
sodium 
Diet Calcium phos- Sodium Calcium Calculated analysis, % 
no . carbonate phate sulfate sulfate Ca p Na Sulfate 
1 1 .  9 0 . 9 0 . 8  0 . 6  0 . 23 
2 1 . 9 0 . 9 0 . 355 0 . 8  0 . 6  0 . 35 0 . 24 
3 1 . 9  0 . 9 1 .  07 0 . 8  0 . 6  0 . 58 0 . 73 
4 1 .  9 0 . 9 1 .  775 0 . 8  0 . 6  0 . 81 1 .  21  
5 0 . 7  0 . 35 0 . 37 
6 2 . 9 2 . 0  1 .  2 0 . 9  0 . 64 
7 2 . 9  2 . 0  2 . 13 1 . 2 0 . 9  1 . 3 1 . 45 
8 1 .  9 3 . 2  0 . 8  1 . 2 0 . 69 
9 1 .  9 5 . 5  0 . 8  1 . 8 1 . 04 
10 1 . 5 0 . 9 0 . 7  0 . 8  0 . 6  0 . 23 0 . 39 
1 1  0 . 75 0 . 9 2 . 05 0 . 8  0 . 6  0 . 23 1 . 15 
12 0 . 9 3 . 43 0 . 8  0 . 6  0 . 23 1 .  92 
13a 1 . 9  0 . 9 0 . 8 0 . 6  0 . 23 
a Diet 1 without chlortetracycline . 
Table 2 .  Average Daily Gain, Feed Per Gain and Serum Calcium of Pigs 
Blood serum 
Diet Dietary 
ADGb 
calcium a Ca p Na So4 F/G 1 2 no . 
% mg/ 100 ml 
' le . 8  . 6  . 23 1 .  35 10 . 38 10 . 95 ':I 2 . 8  . 6  . 35 . 24 1 .  72 2 . 82 10 . 70 1 1 .  03 3 . 8  . 6  . 58 . 73 1 .  70 2 . 96 10 . 68 1 1 . 39 4d . 8  . 6  . 81 1 .  21  1 .  74 2 . 86 10 . 42 1 1 . 0 1  5 . 35 . 37 1 . 57 2 . 75 10 . 54 1 1 . 47 
6 1 .  2 . 9  . 64 1 . 57 3 . 07 10 . 54 10 . 68 
7c 1 .  2 . 9  1 .  3 1 .  45 1 .  74 10 . 43 1 1 . 1 1 
8 . 8  1 .  2 . 69 1 .  74 2 . 87 10 . 1 1  1 0 .  45 
9 . 8  1 . 8 1 . 04 1 .  57 2 . 94 9 . 5 1  10 . 30 
I lO
c . 8 . 6  . 23 . 39 1 . 83 10 . 83 1 1 . 20 
1 1  . 8  . 6 . 23 1 . 15 1 .  72 2 . 89 10 . 69 1 1 . 30 
12 . 8  . 6  . 23 1 .  92 1 .  70 3 . 00 10 . 36 1 1 . 1 1  
13  . 8  . 6  . 23 1 . 17 3 . 25 10 . 34 10 . 67 
a All diets, 13' contained 200 grams per ton of chlortetracycline . b except 
c Significant increase in gain due to chlortetracycline . 
Feed/gain not calculated . Two pigs removed from treatment 1 for failure 
to grow and one pig died in each of treatments 7 and 1 0  due to sto�ach ulcers, 
Data for 56 days, all other treatments for 70 days . 
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Table 3 .  Blood Serum Chlortetracycline 
Levels (mcg/ml) 
B lood sample a 
Diet 1 
1 . 383
b 
2 . 558
c 
3 . 66l
c 
4 . 8 18
c 
5 . 740
c 
6 . 638
c 
7 . 752
c 
8 . 848
c 
9 
c . 692b 
1 0  . 487b 
1 1  . 25lb 
12 . 333 
2 
d . 673d 
. 688d . 679d . 7 34 e . 883d . 62ld 
. 702 
. 929 e e . 867d . 700d . 623d . 607 
a Each value is an average of serum from 
8 p�gs . , c  Values with different superscripts 
differ significantly (P< . 0 1 ) . 
a , e  Values with different superscripts 
differ significantly (P< . 05) . 
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AMIN O ACID SUPPLEMENTATION OF LOW PROTEIN 
CORN -SOY DIETS FOR YOUNG WEANED PIGS 
Richard C. Wahlstrom, Michael W. Cox and George W. Libal 
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South Dakota State University 
A.S. Series 79-33 
Problems with feeding high protein diets to young weaned pigs have been 
reported by some swine producers . Therefore, interest exists in the possibility 
of reducing the protein content of starter diets and supplementing with amino 
acids to keep them nutritional ly balanced . Corn-soybean meal diets are most 
limiting in lysine . Methionine and tryptophan are thought to be next most 
limiting . 
The obj ectives of this experiment were to determine the need for tryptophan 
supplementation of low protein starter diets supplemented with lysine and 
methionine and to determine the value of N-acetyl-DL-tryptophan as a source of 
tryptophan . 
Experimental Procedure 
Two trials were conducted with 96 crossbred pigs in each trial . Pigs 
were weaned at an average age of 4 to 5 weeks and placed directly on the 
experimental diets . Pigs averaged 17.5 and 18 . 7  lb . initially in trials 1 and 
2 ,  respectively . Allotment was made to six treatments in each trial on the 
basis of weight and ancestry . The trials were conducted for 4 weeks in the 
environmentally controlled swine lab in the Animal Science Complex . 
Corn-soybean meal diets fortified with minerals , vitamins and antibiotics 
were formulated as shown in table 1. 
The treatment groups in trial 1 were: 
1 .  18% protein diet 
2 .  13% protein diet + lysine + methionine 
3. Treatment 2 + .05% N-acetyl-DL-tryptophan 
4 .  Treatment 2 + .05% DL-tryptophan 
5. Treatment 3 + 3 . 36% L-glutamic acid 
6 .  Treatment 3 - methionine 
Treatments imposed in trial 2 were: 
1 .  18% protein diet 
2 .  13% protein diet + lysine + methionine 
3 .  Treatment 2 + .02% DL-tryptophan 
4 .  Treatment 2 + .04% DL-tryptophan 
5. Treatment 2 + . 08% DL-tryptophan 
6 .  Treatment 5 - methionine 
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Results 
The average daily gain, feed consumption and feed/gain data for trial 1 
are shown in table 2 .  Pigs fed the 18% protein gained significantly faster 
than pigs fed the 13% protein diet which had been supplemented with lysine and 
methionine, treatment 2, and also faster than those pigs fed the 13% protein 
diets supplemented with . 05% N-acetyl-DL-tryptophan . However, there was no 
significant difference in gains between pigs fed the 18% protein diet and the 
13% protein diet supplemented with . 05% DL-tryptophan, treatment 4 .  Pigs fed 
this diet, treatment 4, also gained significantly faster than all other pigs 
receiving the 13% protein diets . These data suggest that the 13% protein diet 
supplemented with lysine and methionine was improved by DL-tryptophan, but that 
N-acetyl-DL-tryptophan was not of benefit to the pig . Likewise, L-glutamic 
acid did not improve the low protein diet containing N-acetyl-DL-tryptophan 
and methionine did not appear to be of any benefit in this ration . 
Feed consumption was significantly less by pigs fed treatment 3, the low 
protein diet supplemented with N-acetyl-DL-tryptophan, than for pigs fed the 
18% protein diet or the low protein diet plus DL-tryptophan, treatment 4. 
The performance data from the second trial are summarized in table 3 .  
There were no significant differences among treatments for either average daily 
gain or average daily feed . Feed/gain was significantly less for pigs fed the 
higher protein diet . It was noted that pigs fed the 1 8% protein diet consumed 
less feed and gained more slowly than pigs fed this diet in trial 1 .  Also, 
pig performance did not improve significantly when DL-tryptophan was supple­
mented to the 13% protein diet, as occurred in trial 1 .  Again, there was no 
benefit from the addition of methionine to the low protein diet . 
Summary 
Two trials involving a total of 192 pigs were conducted to study the need 
of tryptophan supplementation to low protein pig starter diets . In trial 1 ,  
it was shown that N-acetyl-DL-tryptophan was not a s  available to the young pig 
as DL-tryptophan . The addition of . 05% DL-tryptophan to a 1 3% protein corn-soy 
diet containing added lysine and methionine resulted in pig performance similar 
to that of pigs fed an 1 8% protein diet . There were no significant differences 
in gain or feed consumption among treatments in trial 2 .  Pigs fed the 18% 
protein diet were more efficient than those fed the low protein diets . 
Supplementation of the 13% protein diet with . 02, . 04 or . 08% DL-tryptophan 
did not improve pig performance in this trial . 
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Table 1. Composition of Diets (Percent) 
Ingredients 
Ground yellow corn 
Soybean oil meal (48%) 
Dicalcium phosphate 
Limestone 
Trace mineral salt 
Premix a 
L-lysine monohydrochloride 
DL-methionine 
18% protein 
diet 
72 . 1  
24.5 
2.0 
0.6 
0.3 
0.5 
13% protein 
diet + 
lysine + 
methionine 
84.03 
1 1.84 
2.2 
0.6 
0.3 
0.5 
0.46 
0.07 
a Supplied per lb. of diet : vitamin A, 2000 IU ; 
vitamin D, 200 IU ; vitamin E, 3 mg ; vitamin K, 1 .2 mg ; 
pantothenic acid, 6 mg ; niacin, 9.6 mg ; choline, 30 mg ; 
vitamin B 12 ; 6 mcg ; aureomycin, 50 mg ; penicillin, 25 mg and sulfamethazine, 50 milligrams. 
Table 2. Effects of N-Acetyl-DL-Tryptophan in 
Low Protein Pig Starter Diets Fed For 28 Days 
Crude protein, % 1 8% 13% + lysine + methionine 
.05% N- As 3 + 
acetyl- .05% DL- L- As 3 -
Amino acids DL-tryp- tryp- glutamic methio-
tophan tophan acid nine 
Treatment no. 1 2 3 4 5 6 
No . of pigs a 16 16 16 16 16 16 
Avg. daily gain, lb.b 
• 
7 7  .56 .52 .74 .59 .54 
Avg. daily feed, lb. c 1 .46 1. 26 1. 1 0  1 .45 1 .  29 1. 23 
Feed/gain 1.90 2.27 2. 12 1 .98 2 . 23 2.29 
a Four lots of four pigs each per treatment. Average initial weight, 1 7.5 
pougds. 
Pigs on treatments 1 and 4 gained significantly faster (P<,01) than 
those on treatments 3 and 6 and those (P<.05) on treatments 2 and 5. c Pigs on treatment 3 gained significantly less (P<.05) than those on 
treatments 1 and 4.  
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Table 3. Effect of DL-Tryptophan Supplementation of 
Low Protein Pig Starter Diets 
Crude protein 18% 13% + lysine + methionine 
DL-tryptophan, % .02 .04 
Treatment no. 1 2 3 4 
No. of pigs a 16 16 16 16 
Avg. daily gain, lb. .62 .52 .54 .52 
Avg. dailf; feed, lb. 1 . 1 5  1 .  37 1. 27 1. 20 
Feed/gain 1.87 2.60 2.34 2.35 
13% + 
lysine 
.08 .08 
5 6 
16 16  
.54 .6 1 
1.24 1 .42 
2.31 2.33 
a Four lots of four pigs each per treatment. Average initial weight, 18.7 
po�ds. 
Treatment 1 significantly (P<.0 1) less than all other treatments. 
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EFFECT OF PREFARROWING DIETARY TREATMENT ON 
PIG PRODUCTION 
t I George W. Libal and Richard C. Wahl strom 
SWIN E  
DAY 
Department of Animal Science 
Swine Section 
A method of increasing b irth wei ght and pig 
desirable because of the large pig death losses 
first week after farrowing . Several management 
commercial products to improve this situation . 
designed to test suggested management schemes . 
South Dakota State University 
A.S. Series 79-34 
survival rate at weaning is 
normally occurring during the 
schemes are suggested using 
The study reported herein was 
Experimental Procedure 
Thirty-four crossbred sows and gilts were allotted to the three prefarrowing 
and lactation treatments on the basis of parity, weight and ancestry . The 
allotment took place 30 days before the first sow was due to farrow and the 
farrowing occurred over a 2 1 -day period . 
All sows received 6 lb . of gestation feed until they farrowed and then were 
allowed ad libitum consumption of the lactation diet during the 3-week lactation 
period . The composition of the gestation and lactation diets is shown in 
table 1 .  
The three treatments supplied through these diets were : 
1 .  Control - gestation and lactation diets with no feed additives 
2 .  XLP-30 - 1 gram of dichlorvos (Atgard C) per sow per day for 
28 days prior to farrowing and no additives in the lactation diet 
3 .  Neo-Terra - 150 grams of Terramycin plus 150 grams of Neomycin per 
ton of feed fed 14 days prior to and 14 days after farrowing . 
Results 
Table 2 shows a summary of the results obtained from the pref arrowing 
and lactation treatments . The data in the table include only sows which 
successful ly weaned pigs . The data from three sows and their litters were not 
included in both the control and XLP-30 groups because the sows experienced 
severe mastitis and lost all pigs before weaning . 
Due to chance in allotment , differences in number of pigs at birth existed 
between treatment groups . These differences also were observed at 10 and 2 1  days 
of lactation . Similar survival rates were found between treatments with a slight 
advantage for the control group . (Survival rate heavily favored the Neo-Terra 
group when all litters were considered . ) 
Litter weights reflected the differences in number of pigs per litter at 
farrowing , although average pig weights at birth were similar among groups . 
However , the Neo-Terra sow group produced the heaviest pigs at 1 0  and 2 1  days 
of age . 
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In this trial no advantage in birth weight or survival rate of pigs born 
alive was observed due to prefarrowing treatments . The numb er of litters 
involved was small, however, and additional research is in progress to generate 
enough information to make a valid comparison of the treatments involved . 
Summary 
Thirty-four crossbred sows were allotted to prefarrowing and lactation 
treatments including a control treatment, an XLP-30 treatment and a Neomycin­
Terramycin treatment . The study involved small numbers of litters and no 
differences were seen in pig b irth weights or pig survival rates . Pig weaning 
weights favored the Neomycin-Terramycin group . 
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Table 1. Composition of Diets (Percent) 
Ingredient Gestation Lactation 
Ground yellow corn 
Soybean meal (48%) 
Soybean meal (44%) 
Dehydrated alfalfa meal 
Ground beet pulp 
Dicalcium phosphate 
Limestone 
Trace mineralized salt (.8% zinc) 
Vitamin premixa 
7 7  .6 
9.0 
10.0 
2.3 
.5 
.5 
. 1  
68.5 
18.0 
10.0 
2.0 
.8 
.5 
.1 
a To supply per lb. : vitamin A ,  2000 IU ; vitamin D ,  200 IU ; 
vitamin E, 2.5 mg ; riboflavin, 1.25 mg; pantothenic acid , 5 mg ; 
niacin , 8 mg ; choline , 25 mg and vitamin B 12 , 5 micrograms. 
Table 2. Pig Weight and Survival Rates As 
Affected by Treatment 
Sow treatments 
Control XLP-30 
Number of a b sows ' 8 8 
Number of pigs 
Stil lborn 1.0 1.0 
Birth 10.7 8.9 
1 0  days 8.7 6.9 
2 1  days 8.3 6.1 
Percent survival 78 69 
Litter weight ,  lb. 
Birth 31. 2 26.0 
1 0  days 50.0 36.3 
2 1  days 85.6 63.2 
Pig weight , lb. 
Birth 3.0 3.0 
10 days 5.8 5.8 
2 1  days 10.5 10.9 
Neo-Terra 
12 
1. 9 
8.5 
6.0 
6.0 
7 1  
25.7 
38.9 
70.0 
3.1 
6.5 
1 1.6 
a Data from three litters from the control group and three 
litters from the XLP-30 groups were not included because the sows 
sufSered severe mastitis and all pigs were lost. 
Control 
= 5 sows , 3 gilts; XLP-30 = 6 sows , 2 gilts ;  
Neo-Terra = 8 sows , 4 gilts. 
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EFFECT OF DIETARY CALCIUM AN D ZIN C  ON 
PERFORMANCE OF G ROWIN G -FIN ISH ING PIGS 
George W. L i bal  and R i c h ard C. Wah l st rom 
Department of Ani mal Science 
Swi n e  S Ection 
South Dakota State Un ivers ity 
A.S. Series 79-35 
Recently there have been a number of reports of swine feeds containing 
over 1% calcium. Previous research had indicated a high incidence of parakera­
tosis when diets contained over 1% calcium unless these diets were supplemented 
with additional zinc. This study was conducted to obtain additional information 
on the effects of high dietary calcium and different levels of supplemental zinc 
on performance of growing-finishing swine. 
Experimental Procedure 
Ninety-six pigs averaging about 48 lb. were allotted on the basis of 
ancestry, weight and sex to 24 lots of four pigs each. Four replicated lots 
were assigned to each of six treatments. The pigs were housed in an enclosed 
confinement building in pens with totally slatted floors. 
The dietary treatments were as follows : 
1. Low calcium diet (.6% calcium) 
2 .  Low calcium diet plus 40 ppm zinc 
3. Low calcium diet plus 90 ppm zinc 
4. High calcium diet (1. 2% calcium) 
5. High calcium diet plus 40 ppm zinc 
6. High calcium diet plus 90 ppm zinc 
The diets all contained trace mineral salt which supplied 10 parts per 
million (ppm) of zinc. Supplemental zinc was added as zinc oxide at levels of 
40 and 9 0  ppm. Thus, diets contained 1 0, 50 or 100 ppm of zinc in addition to 
that present in the corn and soybean meal. Diets formulated to contain 16% 
protein were fed until the pigs averaged about 125 lb. at which time the dietary 
protein content was reduced to 13%. All diets contained .55% phosphorus. 
Composition of the diets is shown in table 1. 
Results 
The performance of the pigs by treatment groups is shown in table 2 and 
the effects of calcium and zinc levels in the diet are summarized in table 3. 
There were no visible signs of parakeratosis in any of the pigs. 
During the growing period from 48 to 125 lb., pigs gained slightly faster 
as zinc level in the diet increased. This response occurred in both diets of 
.6 and 1.2% calcium. However, during the finishing period there did not appear 
to be a consistent difference in rate of gain among treatments. In both the 
high and low calcium diets, fastest gains were observed when pigs were fed diets 
of 50 ppm of supplemental zinc. However , pigs fed diets of 1 00 ppm of supple­
mental zinc gained no better than those fed 1 0  ppm of zinc. Feed/gain was less 
for pigs fed the supplemental zinc diets containing . 6% calcium. 
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When the data were combined , there was no difference in gains of pigs fed 
.6 or 1.2% calcium . However , those pigs fed the lower level of calcium required 
approximately 9% less feed per gain (3.36 vs . 3.66 lb . feed/gain ) . Feed/gain 
also was improved when 50 or 100 ppm of z inc were supplemented to the diets.  
Feed/gain were 3.65 , 3.42 and 3.48 for pigs fed diets containing 10 , 50 or 100 
ppm of supplemental z inc , respectively . 
Summary 
Ninety-six pigs having an ini tial weight of approximately 48 lb . were used 
to study the effect of z inc supplementation in diets of .6 and 1.2% calcium . 
Diets contained 10,  50 and 100 ppm of z inc . Pigs receiving 50 and 1 00 ppm 
of supplemental z inc required slightly less feed/gain . There was also an 
improved feed efficiency when pigs were fed the diet of lower calcium content . 
This experiment will be repeated in order to obtain additional data on the 
effects of z inc supplementat ion at various dietary calcium levels . 
Table 1. Composition of Diets (Percent ) 
Low calcium High calcium 
Crude protein,  % 1 6  13 1 6  13 
Corn 7 7  .0 85.4 75.0 83.4 
Soybean meal , 44% 20. 7  1 2.2 2 1 . 1  1 2.6 
Dicalcium phosphate 1.1 1. 3 1.1  1. 3 
Ground limestone . 7 .6 2.3 2.2 
Trace wineral salt
a .3 .3 .3 .3 
Premix . 2  . 2 .2 .2 
� Supplied 10 ppm of z inc . 
Supplied per lb . of diet : vitamin A ,  1500 IU ; vitamin D ,  150 IU ; vitamin 
E, 2.5 IU ; vitamin K, 1 mg ; riboflavin, 1.25 mg ; pantothenic acid , 5 mg ; 
niacin , 8 mg ; choline , 25 mg ; vitamin B1 2 , 5 mcg ; selenium , 45 mcg and aureomycin , 25 milligrams . 
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Table 2. Performance of Pigs Fed Low and High Calcium 
Diets With Different Levels of Zinc 
.6% calcium 1 .2% calcium 
Zinc, ppm 10 50 100 1 0  50 1 00 
Number of pigs a 16 16 16 16  16 16 
Avg. initial wt., lb. 48.8 48. 7  48.5 48.1 48.2 48.8 
Avg. final wt . ,  lb. 22 1. 3 220.6 2 1 7.4 2 16.8 218.6 218.5 
Avg. daily gain, lb . 
48- 125 lb. 1.46 1 .  5 1  1 .55 1 .  52 1 .54 1 .59 
1 25-220 lb. 1 .69 1 .  73 1 .  66 1 .58 1 .83 1.57 
48-220 lb. 1. 59 1. 63 1. 6 1  1 .55 1 .  70 1 .5 7  
Feed/gain 
48- 125 lb. 3. 10 2.79 2.82 3.24 3.02 3.21 
1 25-220 lb . 3.9 3 3.58 3.60 4.09 3.94 4� 05 
48-220 lb. 3.58 3.26 3.25 3. 72 3.5 7  3.70 
a Four replicate lots of four pigs each per treatment. 
Table 3. Effect of Dietary Calcium and Zinc on 
Performance of Growing-Finishing Pigs 
Calcium2 % Zinc 2 :e:em 
.6 1. 2 10 50 1 00 
No . of pigs 48 48 32 32 32 
Avg . initial wt . , lb . 48.7 48.4 48.4 48.5 48.7 
Avg. final wt. , lb. 2 1 9.8 218.0 2 1 9 . 1  2 1 9.6 2 1 7.9 
Avg . daily gain,  lb . 
48- 125 lb . 1. 5 1  1.55 1 .49 1 .53 1 .  57 
125-220 lb . 1. 69 1 .66 1 .64 1. 78 1.62 
48-220 lb . 1 .  6 1  1.61 1 .57 1 .66 1 .59 
Feed/gain 
48- 125 lb . 2.95 3.1 2  3.1 7 2.9 1 3 . 02 
125-220 lb . 3.76 4.03 4.01 3.76 3.83 
48-220 lb . 3.36 3.66 3.65 3.41 3.48 
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FAT ADDED TO SOW GESTATION DIETS 
L. J. Kortan 
Swi ne Extension Specia l i st 
Baby pigs are born with a minimal store of usable energy, primarily in the 
form of fat and glycogen. These stores are rapidly depleted after birth. It 
is generally thought that less than 15% of liver glycogen, which is the most 
important store for usable energy, is present 24 hours after birth. 
The pig relies totally on milk from the sow to provide nutrition . It is 
critical that the pig nurse as soon after birth as possible to replenish the 
rapidly depleting energy stores. 
Attempts to improve the baby pig ' s energy stores have centered around 
increasing the energy intake of the dam during late gestation and early 
lactation. 
Work at South Dakota and other stations 
gestation diet increases baby pig survival . 
not shown any advantage in sow and /or litter 
and control fed sows. 
has shown that adding fat to the 
In contrast, other research has 
performance between sows fed fat 
Several research reports at the American Society of Animal Science meeting 
held in Tucson, Arizona, during the past sunnner concentrated in the area of 
high energy versus low energy diets for sows during gestation. L. T. Frobish, 
U .  S. Department of Agriculture, reported no significant dif ference for first 
litter gilts in total number of live pigs farrowed and number of pigs at 
14 days postpartum nor the weight of these pigs when a high energy versus a 
low energy ration was fed. R. D. Boyd, University of Nebraska, summarized 
four trials involving 188 litters which were conducted to determine the effect 
of feeding diets supplemented with tallow (O to 8%) and choline chloride (220 
or 770 mg/kg diet) prior to parturition and during lactation on pig survival 
and growth . 
No significant dif ferences were observed for any of the comparisons 
between tallow, choline chloride and tallow x choline chloride. The rate 
of survival was high for all treatment groups and only a slight advantage 
was realized with supplemental tallow. 
In a review paper, J. E. Pettigrew, Moorman Manufacturing Company, said 
a lack of dietary energy has been cited as a factor in pig mortality . A 
summary of many trials indicated a 2 . 5% increased survival rate with added 
fat, he said. Fat helped the most in herds with a naturally low survival 
rate but will not help much where survival rates are above 80%, Pettigrew 
said. There was a 4 . 1 %  improvement in the low survival groups and only 1% in 
the over 80% classification . 
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Before adding fat to sow diets producers should consider the following : 
High levels of fat (5 to 1 5%) in diets can cause mechanical handling and mixing 
problems because they do not flow as freely and may bridge in bins and feeders. 
Fat is usual ly expensive in relationship to corn . 
The addition of fats to sow diets in late gestation may under certain 
conditions increase pig survival and also fat content of milk , but not in all 
cases. Consider economics and potential feed handling problems for your 
present program before making a decision. 
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Professor of A n i m al Sc ience 
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Minerals constitute a small percentage of the swine ration, but their 
importance to the health and wel l-being of the pig cannot be overemphasized . 
To make sure that pigs meet their daily requirements for minerals without 
excess, minerals should be fed in a completely mixed ration. 
At least 13  minerals are known to be required by the pig . These include 
calcium, phosphorus, potassium, sodium, 
manganese, copper, iodine and selenium . 
also required but at levels so low that 
demonstrated . 
chlorine, magnesium, sulfur, zinc, iron, 
Other mineral elements probably are 
their dietary need has not been 
The minerals that are required to be added to most swine diets in greatest 
amounts are calcium, phosphorus and salt (sodium and chlorine) . Cereal grains 
and plant by-products such as soybean meal are particularly low in calcium . 
Although they do contain considerably more phosphorus than calcium, the 
phosphorus is largely phytin phosphorus, a form that is poorly utilized by 
swine. To obtain proper calcium and phosphorus utilization, it is necessary 
that an adequate level of both of these minerals be fed, that there is a 
suitable calcium to phosphorus ratio in the diet and that a sufficient amount 
of vitamin D is available. The desired ratio of between 1 . 0 and 1 . 5 calcium 
to 1 . 0  total phosphorus is recommended. 
Recent research has shown that a level of .25% added sodium chloride (salt) 
wil l  meet the dietary sodium and chlorine needs of the growing pigs . For 
gestating and lactating sows, it is suggested that a level of . 5% salt be fed. 
Swine can tolerate quite high levels of salt if drinking water is available 
at all times. However, toxicity has been observed with as little as 1 . 0% dietary 
salt when water was restricted . 
Iron deficiency still occurs, more often in young p igs than in pigs of 
weaning age or older , The need is more critical during the suckling period 
because of the low level of iron stores at birth and that saw ' s milk is low in 
iron. A single intramuscular inj ection of 1 00 to 200 mg of iron, as iron 
dextran, given in the first 3 days of life will protect the pig until weaning. 
After weaning a level of 80 ppm of iron in the diet. is considered adequate . 
Ferrous sulfate and ferric ammonium citrate are good sources of iron, while 
ferrous carbonate is a poor source and ferric oxide is ineffective , 
A low level of zinc in the diet wil l  cause a nutritional disease known 
as parakeratosis. Symptoms of parakeratosis include a reduced appetite, slow 
growth, unthriftiness and a thickening and encrusting of the skin , particularly 
on the extremities. Adding 50 mg of zinc per kg of diet will prevent 
parakeratosis unless the diet contains a high level of calcium (above 1%) . 
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The dietary zinc requirement is influenced by the calcium level of the diet and 
the protein source among several factors. 
Selenium has been reported to be deficient in many areas of the midwest. 
Frequently the first sign of trouble is the occurrence of sudden death in 
weaned pigs, particularly after the co-mingling of litters . The dietary require­
ment for selenium is between . 1  and . 2  mg per kg of diet. Grains and by-products 
of plants grown in South Dakota will generally contain a higher level of 
selenium than the suggested requirement. However, adding the FDA approved 
level ( . 1 mg /kg) of selenium to a swine diet would not be expected to cause 
any toxicity problem because selenium toxicity does not occur until the diet 
contains over 5 mg of selenium per kilogram . 
Other mineral deficiencies may exist in certain conditions. The 
following table gives symptoms of nutrient deficiencies . 
Table 1. Signs of Mineral Deficiencies 
Nutrient Nutrient Deficiency Signs 
Calcium Rickets, osteomalacia, tetany 
Phosphorus Poor growth, rickets, osteomalacia 
Sodium Poor appetite, low water consumption, unthriftiness 
Chlorine Poor growth 
Potassium Poor appetite, rough hair coat, emaciation 
Magnesium Poor growth, stepping syndrome, tetany 
Iron Rough hair coat, anemia, poor growth, thumps 
Copper Leg weakness, incoordination 
Zinc Parakeratosis, poor growth, poor appetite 
Iodine Goiter ; weak, hairless pigs at birth 
Manganese Lameness, weak pigs at birth 
Selenium Sudden death, mulberry heart 
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DEVELOPMENTS IN THE USE OF SWINE FEED ADDITIVES 
Dean Radabaugh 
Vice Presidesnt ,  Z i p  Feed M i l l s ,  I n c. 
S i o u x  Fal l s ,  South Dakota 
We in the swine industry are in t he busine s s  of producing foo d .  The 
con sumer of pork product s in America , and more recently the world con sumer , 
expect s us to produce whole some food free of any c ontaminat ion that may b e  
injurious t o  hi s o r  her health . Thus we must keep our cust omer , the pork 
consumer , in mind in anything we do in the swine indust ry , especially when 
us ing feed additives . 
The American consumer i s  learning to accept pork more readily t han in 
past years . There are several reas ons for this change , but two reasons I 
will mention are , 1 )  the excellent j ob of improving the quality of our product , 
and 2 )  the promot i on of pork by organizat i on s  like the Nat ional Pork Producers 
Council and its st ate affiliat e s  l ike the South Dakot a  Pork Producers  Council . 
Consequent ly nothing should be  done with feed addit ives that will counteract 
the ac ceptance that pork has attained . 
Feed  addit ives in swine rat ions have been generally available since the 
early 195 0 1 s .  The use of swine feed addit ives has increas ed since those early 
days unt il it i s  now e st imated that 90 percent of  all swine rai sed in the 
United St at e s  receive me dicat e d  feed  somet ime before they go to market . 
The wide ac cept ance of  feed  addit ive use can be attributed t o  the e st abli shed 
benefit s o f :  
A .  Increasing growth rate 
B .  Improving feed  convers ion 
C .  Reducing mort ality and morb idity from clini cal or subclinical infe ct ions 
( disease control ) 
The ext ensive us e of  feed  addit ives has caused s ome concern about potent ial 
harmful effect s due to the development of  resi stant strains of organ isms . 
We realiz e  that this must be a concern of the swine industry , even though we 
have used s ome of these feed  addit ives nearly 30 years . However , by now fear 
should have changed t o  rat ional thinking . Adequate evaluat i on of the pot ential 
harmful effect s should be  cont rasted with the proven health and e c onomic benefit s .  
It has been suggested t hat ant ib iot i c s  are losing their effect ivenes s 
with c ontinued use .  The t able below summarizes the e ffect of tetracyclines 
over three decades when fed to swine at different stages of life . 
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1950-56 
1957-66 
1967-77 
Cont inued Effect ivenes s  of Tetracycline in Swine 
Average 
St arte r  
8 . 70 
11 . 69 
10 . 63 
daily gain ( %  improvement ) 
Grower- Growing­
devel oper fini shing 
17 . 36 9 . 40 
6 . 02 5 . 88 
5 . 97 4 . 55 
Start er 
5 . 45 
7 . 93  
2 . 99 
Feed/gain ( %  
Grower-
deve loper 
6 . 27  
1 . 95  
2 . 42 
2 .  
improvement ) 
Growing­
fini shing 
4 . 55 
1 . 14 
0 . 92 
Source : V. W .  Hays , 11E ffect ivene s s  o f  Feed Additive Usage of Ant ibacterial 
Agent s in Swine and Poultry , "  prepared for the Office of  Technology 
As se ssment , U . S .  Congre ss , 1978 ( typescript ) ,  t able s 5 ,  26 , and 2 7 .  
Those ant ib iot ics  found t o  b e  e ffective a s  feed additives i n  the 19 50 ' s  
are still e ffect ive in the 1970 ' s .  The magnitude of the r esponse varie s from 
experiment t o  experiment ; caution must be used  in basi ng conclusions on one 
experiment . 
Use Proper Levels of Feed  Addit ives 
Each feed  addit ive that is  approved by the FDA for use in swine feeds 
has been re searched for effect ivenes s  as well as safety for each claim or 
use that is  list e d  on the label . It is important that the proper level of the 
fee d  addit ive be used  t o  as sure it s e ffect iveness . The old axiom ,  " I f  a little 
i s  good , more i s  better , "  i s  not t rue ; in fact , it could be detriment al . 
Under the FDA Current Good Manufacturing Pract ice s regulat ion and the 
South Dakota Commercial Feed Law , feed manufacturers and cust om feed  mixers 
are not permitt e d  to use feed addit ive s at levels that are not approved .  
T o  d o  s o  would put them i n  violat i on o f  the regulat ions , regardle ss  of  who 
made the rec ommendat ion . 
It is , therefore , important that mixing directions for any medicated 
concent rate or medicat e d  premix be followed .  The mixing direct ion s  are always 
printed  on the tag or label of the concentrate or premix so  the proper level 
of the feed addit ive will be in the complete feed .  I f  there are any quest ion s  
c onc erning the proper level of feed addit ives , the supplier should be cont acted .  
Withdrawal Time s 
Whenever a feed addit ive is  approved by the Food and Drug Administrat ion 
the need  for a withdrawal t ime i s  e st ablished to assure that none of the feed 
addit ive will produce re s i due in the meat , milk or eggs that we eat .  S ome 
feed addit ives require no withdrawal whi le others must be withdrawn for an 
est ablished t ime t o  eliminate t i s sue res idue . Withdrawal t ime s are e stablished 
bas e d  on research dat a that is  supplied to the FDA by the sponsor of the 
feed addit ive . The e st ablished withdrawal t imes vary from one feed  addit ive 
t o  another , so  it is  important that you check the label of the fee d .  I f  you 
are not sure of the withdrawal t ime , ask your feed supplier . Table 1 gives 
the current withdrawal t imes on most of the c ommonly used swine feed addit ive s . 
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We have not ed that whenever profit margins in swine feeding are narrow 
some producers will cut back on e ssenti al nutrient s ( protein , vit amins , mineral s , 
et c . ) in order to reduce cost per pound of fee d .  This oft en result s in reduced 
gains , and then as pigs approach market age feed  additives are , added in an 
attempt t o  compensat e for their earlier reduced  gains . This  oft en result s 
in violat i ons of  withdrawal t imes before s laughter and the pos s ibility of 
illegal residue s . 
The Sulfa Problem 
The swine indust ry has a serious problem with one of the commonly used 
feed  addit ives--sulfamethazine . Sulfamethaz ine is used  in comb ination with 
chlortet racycline and penicillin in swine rat ions , and CSP is an excellent 
comb inat ion . The problem i s  that the USDA meat inspect ors are pi cking up 
sulfa residues in liver t i ssue in slaughtered swine above the permitted  level 
of 0 . 1  part per million . 
Several reasons have been given for the high number of  sulfa res i dues 
that are being report e d .  Most of the reasons are probably valid : 
Insuffic ient withdrawal t ime ( 15 days· required ) 
Withdrawal feed cont ained sulfamethazine contaminat ion 
Sulfa picked up from manure left in the lot or pen 
Most pork producers have learned how sulfa cont aminat ion c ome s about 
and have been trying t o  avoid it . They have made a real e ffort t o  eliminat e 
the causes .  Some produc ers , however , apparently have chosen t o  ignore the 
ac cept e d  procedures for avoi ding sulfa contaminati on .  
The Future o f  Feed Additive s 
I am sure that swine producers will cont inue t o  us e feed addit ives when 
nee ded  and benefit s are derived. However , on the other hand , we do note a 
t rend among progre ssive swine producers to be more select ive in using high 
levels of feed  addit ives except when there i s  a demonstrat e d  nee d .  This we 
fee l  i s  good and should certainly lead t o  fewer problems with illegal t i s sue 
res i due s . 
There are a lot of incon sistenci e s  in the way swine producers can use 
the vari ous swine feed addit ive s .  For example , you can use a concentrate 
cont aining up to 2600 grams of Lincomycin per ton , but a concent rate  containing 
Carbadox cannot cont ain over 500 grams per t on .  These inconsistencies have 
result e d  from the original drug applicat i on that was submitted  t o  FDA when 
the drug was approved .  
I n  an attempt t o  c orrect the inc on s i st enc ies in the feed  addit ive regu­
lat ions the FDA conducted a s ix month study of the pre sent regulat ions and 
came up with a s erie s of  rec ommendat ion s which  are planned to be implemented 
over the next three years . Although the final regulations will probably not 
be publi shed unt il  June 1980 the report does give most of the detail that 
will be in the regulat ions . 
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The principal recommendat ions are : 
1 )  Make public health protect ion the maj or obj e ct ive for regulating medicated 
feeds . 
2 )  Est ablish four drug cat egori e s  bas ed on risk o f  potent ial resi due s . 
These categories ,  in t urn , will permit clas s i fying the new drug st atus 
of medi cated feed art i cles by type and by drug level . 
3 )  Require pre-approval inspecti ons and regular periodi c inspections 
only for firms using "human ri sk" drugs . 
The four proposed  drug cat egories are based on the ri sk of potent ial 
res i dues in human foods . 
Cat egory I drugs are considered t o  have the highest degree of human safety. 
A person mixing feed  may use a premix c ontaining up t o  200 t imes the highe st 
approve d  level in a c omplete fee d  without an approved medicat e d  feed  appli cation . 
An example in this category i s  Tylosin where the highe st approved level i s  
100 grams per t on .  Therefore 200 t imes 100 grams per t on i s  20 , 000 grams per 
t on ( 10 grams per pound) ,  the highe st level premix that can be used without 
an approval from FDA . 
Cat egory II  drugs als o  have a high degree of s afety but are approved for 
a s ingle species  only . A person mixing feed  may use a concentrate containing 
up to Bo t imes the highe st approved level for a complete feed .  Streptomyc in 
i s  one of the swine feed addit ive s that fits into thi s category .  
Category I I I  are tho s e  drugs approved for one species and have withdrawal 
t imes but are not consi dered high risk drugs . A pers on mixing feed may use 
a concentrat e containing up t o  40 t imes the approved level for a complete 
feed  without an approval from the FDA . Sulfamethazine is  in this cat egory , 
which means the maximum level of sulfamethazi ne that can be in a concentrate  
i s  4000  grams per ton , and the concentrate will be used at the  rate  of  5 0  
pounds per t o n  o f  c omplete feed .  
Category I V  are those drugs that are cons idered high risk drugs . A 
pers on mixing fee d  may us e a concentrate containing 10 t imes the level approved 
for a complete feed without an approved medic at e d  fee d  applicat i on from t he 
FDA. Thi s  means that 200 pounds of concentrate  per ton of feed i s  the least 
amount that coul d  be used.  Carbadox i s  one of the swine feed  addit ive s t hat 
falls in thi s category .  
The new regulat ions will b e  quite complex and there may b e  s ome s light 
changes before the final regulat ions . I feel  the new regulations will be  more 
meaningful than the present regulat ions and wi ll help the swine industry to 
produce wholesome pork that our customers--the world consumer--expect s .  
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Table 1 .  
FEED ADDITIVE WITHDRAWAL TIMES FOR SWINE 
Feed Addit ive 
Arsanilic Ac id 
Bacitrac in 
( all forms ) 
Bambermycins 
Carbadox 
Chlortet racycline 
Chlortetracycline , 
Sul famethaz ine , 
Peni cill in 
Chlort etracycl ine , 
Sulfathiaz ole , 
Penic illin 
Di chlorvos 
Ethylene Diamine 
Dihydrio dide 
Erythromyc in 
Furazol idone 
Hygromyc in 
Levami sole 
Hydrochloride 
L incomycin 
Neomycin 
* Neomyc in , 
Oxyt etracycline 
Nitro furazone 
Oleandomycin 
Oxytet racycline 
Penic illin 
Penicillin-
Streptomyc in 
Piperazine 
Pyrant el Tartrate 
Roxarsone 
Thiabendazole 
Ty lo sin 
Tylo sin , 
Sul famethaz ine 
Virginiamycin 
Trade Name 
Bac it rac in MD , Bac iferm 
Flavomyc in 
Mecadox 
Aureomyc in , 
Chlorache l ,  CTC 
Aureo SP-2 5 0 , 
Chlorachel-2 50 
CSP-250 
Atgard 
EDDI 
NF-180 , Furox 
Hygromix 
Tramisol 
Lincomix 
Neomix 
Neo-Terra 
NEZ , Ami fur 
OM-5 
Terramyc in 
Pro St rep , Pen-Strep , 
Strepci ll in 
Banminth 
3-Nitro 
TBZ 
Tyl an 
Tylan-Sulf a 
St afac 
Withdrawal Time 
5 days 
none 
none 
10 weeks 
none 
15 days 
7 days 
none 
none 
none 
5 days 
15 days 
72 hours 
6 days 
20 days 
5 or 10 days  
5 days 
none 
none except 
500 g/T-5 days 
none 
none 
none 
24 hours 
5 days 
30 days 
none 
15 days 
none 
*le s s  than 140 grams Neomycin per t on - 5 days , more than 140 grams Neomyc in 
per t on - 10 days . 
2,000 printed at estimated cost of 69 cents each- 11-79lkt-5296A. 
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